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incubated with the calcium sensitive ﬂuorescent dyes; Fura Red and
Fluo-4 and subsequently attached to a glass coverslip and immersed
in DMEM in a heated (37°C) perfusion chamber. Confocal images were
collected every 3.5 seconds for 12 minutes.
Fig. 1. An overlay of the Fura Red and Fluo-4 ﬂuorescent calcium images
of chondrocytes on a condyle of an intact murine femora. Scale bar =
50mm; original magniﬁcation 40× and 512×512 pixel resolution.
Following the ﬁrst 9 scans, the DMEM was removed and replaced with
0.1, 1, 10 or 55ng/mL IL-1a or the corresponding vehicular control (PBS).
A [Ca2+]i response was deﬁned as an increase in the ﬂuorescence ratio
Fluo 4/Fura Red >3 sd above background measured during the ﬁrst nine
scans. The percentage of cells responding with single or multiple ﬂuxes
was determined and statistically analyzed (c2, p < 0.05).
Results: Thirty percent of chondrocytes responded with [Ca2+]i when
exposed to 1, 10 or 55ng/mL IL-1a. This response was consistently
and signiﬁcantly greater than the corresponding vehicular controls. In
contrast, there was no signiﬁcant effect at 0.1 ng/mL IL-1a (Fig. 2).
Conclusions: Our data suggests that 1ng/mL is the threshold
concentration of IL-1a which exerts a signiﬁcant effect on chondrocytes
in intact murine femora. Such a threshold response may imply the
activation of the chondrocyte immunoglobulin IL-1 receptor. Thirty
percent of chondrocytes responded with [Ca2+]i ﬂuxes in a dose
independent manner, perhaps indicating a saturation of IL-1 receptors at
1 ng/mL IL-1a. This is in contrast to previous studies that have imaged
chondrocytes in explants or culture and reported a larger percentage
of cells responding in a dose dependent manner (24% at 0.1 ng/ml,
90% at10ng/mL in explants). Notwithstanding species (porcine/murine)
and diffusion contrasts between these studies, we hypothesize that
there is a saturation of the IL-1 receptors at 1 ng/mL IL-1a in intact
murine cartilage and that the integrity of the extracellular matrix
interactions with both the subchondral bone and chondrocyte membrane
inﬂuence both the number of chondrocytes responding and the dose
dependent characteristics of this response. In conclusion, these data
provide further evidence that the increased concentration of IL-1a
present in osteoarthritic joints has the ability to inﬂuence the biological
activity of chondrocytes in vivo.
Fig. 2. Graph of the percentage of cells responding as a function
of IL-1a concentration or vehicular control (PBS). Single or multiple
[Ca2+]i responses are indicated. a = signiﬁcantly different from the
corresponding vehicular control (p < 0.05). Data from >200 chondrocytes
from 3 independent femora were analyzed in each experimental group.
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Purpose: Among the prostaglandins of the E series, PGE2 is one
of the major inﬂammatory/catabolic mediators involved in cartilage
degradation associated with osteoarthritis (OA). Moreover, several of
the effects of the catabolic cytokine, IL-1b, are mediated through the
stimulation of PGE2 production. As glucosamine sulfate (GS) has been
inferred to have a potential anti-inﬂammatory effect on OA symptoms,
we explored its effect on PGE2 in human OA chondrocytes and at which
level in the PGE2 pathway its effect takes place. This pathway includes
the cyclooxygenases (COX)-1 and -2, the terminal enzyme responsible
for PGE2synthesis, mPGES-1, as well as its co-factor glutathione and
its transcriptional signalling pathway, the early growth response factor
(Egr)-1. In addition, as PPAR-g activation inhibits IL-1b induced mPGES-1,
we also examined the effect of GS on this factor.
Methods: The effect of GS treatment (0.2, 1, and 2 mM) on human OA
chondrocytes (n = 5–8) was investigated in the absence or presence of
IL-1b (100 pg/ml). The expression levels (real time PCR) and protein
production/activity of PGE2, COX-1, COX-2, mPGES-1, glutathione, Erg-1,
and PPAR-g, using speciﬁc primers (expression), antibodies or assays
(protein), were determined.
Results: Data showed that GS treatment at 1 and 2 mM signiﬁcantly
inhibited (p≤0.03) the basal endogenous and IL-1b-induced PGE2
production. GS in both the absence and presence of IL-1b did not
signiﬁcantly modulate COX-1 protein production but, interestingly, GS at
1 and 2 mM demonstrated a decrease in COX-2 activity in that it reduced
the molecular mass of COX-2 synthesis from 72–74 kDa to 66–70 kDa.
Under IL-1b stimulation, GS signiﬁcantly inhibited the mPGES-1 mRNA
expression and synthesis at 1 and 2 mM (p≤0.02) as well as the activity
of glutathione (p≤0.03) and the Erg-1 (p≤0.05) at 2 mM. Finally, data
showed that in both the absence and presence of IL-1b, PPAR-g was
signiﬁcantly induced by GS at 2 mM (p≤0.02).
Conclusions: Our data further documents the potential mode of action
of GS at reducing the catabolism of human OA cartilage. GS inhibits PGE2
synthesis via a reduction in the activity of COX-2 and the production and
activity of mPGES-1. These ﬁndings may help explain the mechanisms
by which this drug exerts its positive effect on OA pathophysiology.
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Purpose: Polyamines are naturally occurring, positively charged
polycations able to control several cellular processes in different cell
types, by interacting with negatively charged compounds and structures
within the living cell. Several pieces of evidence from the literature
point at a role of polyamines in promoting chondrocyte differentiation.
Hence, we investigated the effects of exogenously added spermine or
spermidine in chondrocyte maturation recapitulated in 3D micromass
cultures, to tease out the effects on gene and protein expression of key
chondrogenesis regulatory transcription factors, markers and effectors,
as well as their posttranscriptional regulation.
Methods: Micromasses were seeded in control medium or in the
presence of either 5mM spermine or spermidine. We evaluated the effects
on molecular markers of chondrocyte differentiation at the level of gene
(real time PCR) and protein (western blot and immunohistochemistry)
expression as well as the effects on extracellular matrix deposition and
remodeling, and caspase activation and mineralization. The subcellular
localization of RUNX-2 in stimulated samples was investigated with
confocal microscopy.
Results: Both spermine and spermidine were able to increase the
rate and the extent of chondrogenesis, with enhanced collagen 2
